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(54) Method of controlling fine particulate flowback In subterranean wells 

(57) A weflbore penetrating a subterranean forma- 
tion is treated with a fluid whereby fine particulate flow- 
back is reduced or prevented. The method includes the 
steps of providing a fluid suspension including a mixture 
of a particulate coated with a tackifying compound, 
pumping the suspension into a subterranean formation 
and depositing the mixture within the formation whereby 
the tackrfying compound retards movement of at least a 
portion of any fine particulate within the formation upon 
flow of fluids from the subterranean formation through 
the weJfoore. Alternatively, the tacWfying compound may 
be introduced into a subterranean formation in a diluent 
containing solution to deposit upon previously intro- 
duced particulates to retard movement of such particu- 
lates and any fines subject to flow with production of 
fluids from the subterranean formation. 
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This invention relates to a method of treating a subterranean formation containing fines to control migration thereof 

5 prcJeT^£n^ 

problem. The transported solids can erode or cause significant wear in the hydrocarbon production eouiDment^dS 

E^E* P £^LIS f?* 8 alS ° ran ClOS w »*■ ^"bore thereby r^S^SSpi 

The particulates which are available for transport may be present due to the nature of a subtenant n formation 

?n ZV^Zl T *- h te introdu «* into rZS^Z^ * 

a rJ^mTtnTnl s " t ^ rranean formations - * « common to place particulate materials as a ti»»rm«£n, and/or 
ion2n?£ T££° re ar6a 8nd ffactUres extondin 8 outwardly from the wellbore. In fractur^openSnT 
proppant is earned into fractures created when hydraulic pressure is applied to these subterranMn^^T^^w^! 

VZZZSZ^^T r ,l eVetoPed - P ^ ^^ed.navisSSfr^ 

from the wellbore within the fractures as they are created and extended with continued pumping (Jo^re^of o™ 
ing pressure toe proppant materia* remain in the fractures holding the separated^S wSSSXtaT 
ing a channel for flow of formation fluids back to the wellbore. roc* races in an open posrtion form- 

Introduction of the proppant materials into the fracturing fluid often results in the crushing of some oorton rri «h- 
* T* thrOUOh the Pump "* ^ equipment to J*ZZZ^£^*^ 
ZZT^Z^SZ ^l^ ^^ from 6li9ht,y below the size of the origZp^p^teriaTto 
c^s^I^^^i ■ Ser,es - 801 ^en the formation closes at the conclusion of^Eeaftnem^ 
crushng of the proppant material may occur producing additional fines. Even when proppant crushing doTnoTo^T 
the ^rranean formation may itself release fines from the face of the created fmcturesVa^tt^ anS™ ™ 
r^tSL r^T 0 ? Wa " ^ formafo " ^.ate to be mixed wrth^e^P^t and Hte ?£ft5E 

o^nSSn? ^^fn^T forma ?; flrai " a ' Ze toleSSthan600 may in^« la^ s^e 

or riywocarbons such as coal fines from coal degasif ication operations and the like When the weiihor* =, ^^.ZZ^. 

r?J2r£! prodUCtl0n °* hydrocarbons signrficantly sooner than v/ould result from other techntauea 
Cunently. the primary means for addressing the formation particulate or fines problem to en2?^nwv^ 

crosslinMng and/or break times for the fluids thereby affecting placement -nteracton results in altered 

twn adjacent to the wellbore. Sometimes multiple particle size ranoeeare ^Z^^TT unccfisohdated forma- 
times also desirable to bind the gravel fran^es^ona*^ in n^Vr^^f emptoy8d wrtn,n * e Sravet pack. It is some- 
can pass while straining out ai^^e^oTtoe u^2££2S s^^^^^^ 
bore ^area by the formation fluids. The grave, particles may constituting 

can be cured by an overt lush of a chemical binding agent once the oravel ^^TVhT^ J. eime T pre<ured <* 
various hardenable binding agents or hardenatte SESmSSt* l^^^J^^^T^ *" 
bind the particles together. Various other techniques a^e deS^m^ ^^^^^^ to 
of which is incorporated herein by reference. described in U.S. Patent 5.492. 1 78. the entire disclosure 

orccc^^fr^^l 5 ^ 055 55 ° 1 ^ diGCiOSe * method *» ^^"0 the difficulties of resin coating 
proppants or gravel packs by the incorporation of a fibrous material in the fluid with which the particurateT^e^frS 
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duced into the subterranean formation. The fibers generally have a length ranging upwardly from about 2 miiimeters 
and a diameter of from about 6 to about 200 microns. Ftbrillated fibers of smaller diameter also may be used. The f toers 
are believed to act to bridge across constrictions and orifices in the proppant pack and form a mat or framework which 
holds the particulates in place thereby Smiting particulate flowback. The f toers typically result in a 25 percent or greater 

5 loss in permeability of the proppant pack that is created in comparison to a pack without the fibers. 

While this technique may function to limit some flowback, it tails to secure the particulates to one another in the 
manner achieved by use of resin coated particulates. 

U.S. Patent 5,551 ,514 discloses a method for sand control that combines resin consolidation and placement of a 
fibrous material in intimate mixture with the particulates to enhance production without a gravel pack screen. 

10 It would be desirable to provide a method which wil bind greater numbers of fines particles to the proppant material 
in such a manner that it further assists in preventing movement or flowback of particulates from a wellbore or formation 
without significantly reducing the permeability of the particulate pack during aggressive flowback of treatment fluids. 

We have now devised a method of treating a subterranean formation containing fines, to inhibit the flow of the fines 
back through the weibore with the production of hydrocarbons, without significant effects upon the permeability of the 

is particulate pack. 

Accenting to present invention, there is provided a method of treating a subterranean formation to control fines 
migration, which method comprises the steps of introducing a treatment fluid into a subterranean formation through a 
wellbore at a rate and pressure sufficient to create at least one fracture in said formation; admixing with at least a por- 
tion of said fluid, a particulate which is introduced into and subsequently deposited within said fracture; admixing wfth 

so at least a portion of said particulate an effective amount of a liquid or solution of a tackrfying compound whereby at least 
a portion of said particulate is at least partially coated by said compound such that the continuous critical resuspension 
velocity of said at least partially coated particulate is increased by in excess of about 30 percent when tested at a level 
of 0.5% active material by weight over said particulate alone with water; depositing the tackrfying compound coated par- 
ticulate in the subterranean formation; and flowing back fluid from the formation whereby the tackifying compound 

25 coated particulate retards movement of at least a portion of any fine particulate flowing back to said wellbore within said 
formation by adhering said fines to said coated particulate. 

In the method of the invention, the particulate material coated with tackifying compound adheres to fine particulate 
material thereby creating agglomerates which bridge against other particles in the formation to prevent particulate flow- 
back and fines migration. The tackrfying compound also may be introduced into the subterranean formation prior to or 

so after introduction of the proppant particulate. 

The coated material is effective in inhbrting the flowback of fine particulate in a porous pack having a size ranging 
from about that of the proppant material to less than about 600 mesh in intimate admixture with the tackifying corrpound 
coated particulates. 

The coated material is effective in consolidating fine particulate in the form of agglomerates in a formation as a 
36 result of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback of 
the treatment fluid. 

In accordance with present invention, a fiquid or solution of a tackifying compound is incorporated in an intimate 
mixture with a particulate material such as conventional proppants or gravel packing materials and introduced into a 
subterranean formation 

40 As used in this specification, the term "intimate mixture" will be understood to mean a substantially uniform disper- 
sion of the components in the mixture. The term "simultaneous mixture" will be understood to mean a mixture of com- 
ponents that are blended together in the initial steps of the subterranean formation treatment process or the preparation 
for the performance of the treatment process. 

The coated particulate or proppant material may comprise substantially any substrate material that does not unde- 

46 sirable chemically interact with other components used in treating the subterranean formation. The material may com- 
prise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an addrtional material that is admixed with a particulate and introduced into a subterranean 
formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form off toers, flakes, ribbons, beads, shav- 

so ings. platelets and the like. In this instance, the additional substrate material generally wil be admixed with the particu- 
late in an amount of from about 0. 1 to about 5 percent by weight of the particulate. 

The tackrfying compound comprises a liquid or a solution of a compound capable of forming at least a partial coat- 
ing upon the substrate material with which it is admixed prior to or subsequent to placement in the subterranean forma- 
tion. In some instances, the tackrfying compound may be a solid at ambient surface conditions and upon initial admixing 

56 with the particulate and after heating upon entry into the weibore for introduction into the subterranean formation 
become a melted liquid which at least partially coats a portion of the particulate. Compounds suitable for use as a tack- 
ifying compound comprise substantially any compound which when in Iqiid form or in a sotvent solution will form a non- 
hardening coating, by themselves, upon the particulate and preferably will increase the continuous critical resuspension 
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velocity of the particulate when contacted by a stream of water as hemimHar Hr~~.k~« :~ c ,^ . 
terranean formation A Darticutar^^ir^i ™ ™™nmg when present on the particulates introduced into the sub- 

and Witoo Corporation. ^ avateWe from, for example. Champion Technologies. Inc. 

In general, the polyamides of the present invention are commerciallv Drodurort b. ha ^^ „ 

and tarnation of the polymer ml by pory<^er«alif«^^rtJ12K fT^2 e ^°* wmc «*y<*a»n 

a liquid solution that can readily be handled. The condensation Zcton SnSS^SSSlS Pr ° dUCe 
from about 225-F to about 4S0»F unriar a ryi+roo^ senerally is accomplished at a temperature of 

from about 1 00 to about 200'F over a period of from abort 4 to 6 taura^^^ 81 8 temperature °» 

upon breakers in the fluids anTre^ucJ o7S£^ " ^ «■»■» effects 

polyesters, polycarbonates and polycarbamates. natoralresS * *» 

to the particulate. At least a rwtinn ^ ^r^Lfi. par °* fy coated wrth «w tactafymg compound and then added 
Tl» 1^ o, «^ d ..c,^ rt,^ 
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the subterranean formation and the adhered fines to limit or prevent the flowback of fines to the weitbore. 

The liquid or solution of tackifying compound generally is incorporated with the particulate in any of the conven- 
tional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, a hydrocarbon fluid or an 
emulsion, a viscosifying agent and any of the various known breakers, buffers, surfactants, clay stabilizers or the like 

5 Generally the tackifying compound may be incorporated into fluids having a pH in the range of from about 3 to 
about 12 for introduction into a subterranean formation. The compounds are useful in reducing particulate movement 
within the formation at temperatures from about ambient to in excess of 275°F. It is to be understood that not every tack- 
ifying compound will be useful over the entire pH or temperature range but every compound is useful over at least some 
portion of the range and individuals can readily determine the useful operating range for various products utilizing well 

10 known tests and without undue experimentation. 

It has been discovered that the incorporation of or addition of certain surfactants to the fluid suspension can 
improve or facilitate the coating of the tackifying compound upon the particulate. The addition of selected surfactants 
has been found to be beneficial at both elevated fluid salinity and elevated fluid pH as wel as at elevated temperatures. 
The surfactants appear to inprove the wetting of the particulates by the tackifying compound. Suitable surfactants 

15 include: nonionics, such as, long chain caiboxytic esters such as propylene glycol, sorbitol and polyoxyethylenated 
sorbitol esters, polyoxyethylenated aJkyfphenote, alkyphenol, ethoxylates, alkyglucosides, alkanoiamine condensates 
and aikanotamtdes; anionics, such as, carboxytic acid salts, suiphonic acid salts, sulfuric ester salts and phosphorite 
and polyphosphate acid esters; cationics, such as. long chain amines and their salts, quaternary ammonium salts, 
polyoxyethylenated long chain amines and quaternized polyoxyethylenated long chain amines; and zwitterion, such as 

20 n-alkyibetaines. 

The liquid or solution of tackifying compound generally is incorporated with the particulate as a simultaneous mix- 
ture by introduction into the fracturing or gravel packing fluid along with the particulate. Fracturing fluids are introduced 
into the subterranean formation at a rate and pressure sufficient to create at least one fracture in the formation into 
which particulate then is introduced to prop the created fracture open to facilitate hydrocarbon production. Gravel pack- 

25 ing treatments generally are performed at lower rates and pressures whereby the fluid can be introduced into a forma- 
tion to create a controlled particle size pack surrounding a screen positioned in the weilbore without causing fracturing 
of the formation. Alternatively the gravel pack may be performed without a screen, if consolidatable particulate is uti- 
lized, and the pack may fill the weilbore. Thereafter, the pack may be drilled out flushed or reamed to open a passage 
in the bore, if necessary. The particulate pack surrouncGng the weilbore then functions to prevent fines or formation par- 

30 ticulate migration into the weilbore with the production of hydrocarbons from the subterranean formation. The tackifying 
compound may be introduced into the fluid before, after or simultaneously with introduction of the particulate into the 
fluid. When the tackifying compound is generated in-srtu in the formation, the reactants may be introduced individually 
as described above for the tackifying compound and the multivalent ion source may be naturally occurring or introduced 
into the formation. The liquid or solution may be incorporated with the entire quantity of particulate introduced into the 

35 subterranean formation or it may be introduced with only a portion of the particulate, such as in the final stages of the 
treatment to place the intimate mixture in the formation in the vicinity of the weilbore. For example, the tackifying com- 
pound may be added to only the final 20 to 30 percent of the particulate laden fluid introduced into the formation.- In this 
instance, the intimate mixture will form a tail-in to the treatment which upon interaction within the formation with the par- 
ticulate will cause the particles to bridge on the agglomerates formed therein and prevent movement of the particles into 

40 the weilbore with any produced fluids. The tackifying compound may be introduced into the blender or into any flowline 
in which it will contact the material to be at least partially coated by the compound. The compound may be introduced 
with metering pumps or the like prior to entry of the treatment fluid into the subterranean formation. 

In an alternate embodiment, the particulate may be premixed with the tackifying corrpound prior to admixing with 
a treatment fluid for use in a subterranean formation. 

45 The surprising discovery has been made that when a potyamide is utilized as the tackifying compound, ferrous 
metal in contact with the treatment fluid has been found to exhibit extended corrosion inhibition, ft has been determined 
that minute amounts of the polyamide are dissolved from the coated particulate by hydrocarbons flowing through the 
formation and into the wef bore and that such quantities provide extended corrosion protection to the ferrous metals 
contacted thereby and that also are in contact with aqueous fluids introduced into or produced from the subterranean 

so formation. The polyamide material appears to coat or form a very thin f im on the ferrous metal surfaces protecting them 
from contact with aqueous fluids. 

In yet another embodiment of the invention wherein a previously performed fracturing treatment or gravel pack is 
producing back proppant or formation fines with the production of hydrocarbons, a remedial particulate control treat- 
mem may be performed. In this instance, the tackifying compound is admixed with a diluent such as for example, crude 

55 oil. distillates, butyl alcohol, isopropyi alcohol, a heavy aromatic solvent such as xylene, toluene, heavy aromatic naptha 
or the like, mutual solvents such as ethylene glycol monobutyf ether, propylene carbonate or n-methylpyiolkJone or the 
like. The tackifying compound generally will be present in an amount of from about 0.5 to about 30 percent by volume 
of the solution to be used to treat the subterranean formation. The tackifying compound also may be acfrnixed with 
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Figure 2 provides a graphical illustration of sample permeability 
figure 3 provides photomicrographs of untreated and treated samples illustrating fines retention. 

To further illustrate the present invention and not by way of limitation, the following Examples are provided. 
25 EXAMPLE I 

. in ^fJ^' uat i on ^ a liquid or solution of a compound for use as a tacWfying compound is accomplished bv the fal 
fen-ed application ramete^e»^T^,iL*^ ' the 05 P* 66 "* which is within the pre- 
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Test No. 


Particulate Size 


Coating Agent, % V/Wt 
Particulate 


Percent Of Velocity Change 
At 








Starting 


Continuous 


1 


20/40/mesh sand 


none 


0 


0 ] 


2 


20/40 mesh sand 


1/2 percent pofyanrride 


192 


77Z J 


3 


20/40 mesh sand 


1 percent poiyamide 


271 


391 j 
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TABLE I (continued) 



Test Na 


Particulate Size 


Coating Agent, % V/Wt 
Particulate 


Percent Of Velocity Change 
At 








Starting 


Continuous 


4 


20/4O rriAfih cflrvi 


1 /2 nercent nhenolic 


-0.5 


6.5 


c 


?0/4fl moeh ftflnH 

fawfV 1 1 ISOI 1 OCU HJ 


1 MfnAnt nhanalic 


-9 


-6.8 


g 

w 


OC\IAT\ mpfih carvi 
tU/tv 11109*1 OaiHJ 


1/4. pd vCJ H Q|AMj 


-9 


-1.2 


7 


Of\JAf\ mach cflnH 

£\U**\J IIKSOil OOIU 




5.2 


12.2 


A 

w 


12/20 mpfih cflnri 




228 


173 


9 


12/20 mesh sand 


1 percent polyamide 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenolic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


48 


30 


13 


12/20 mesh sand 


1 percent epoxy 


38 


15 



The data dearly illustrates the substantial increase in the critical resuspension velocity of a particulate coated with 
the tacWfying compound in comparison to other known formation consolidation agents which require hardening to be 
effective. 

25 

EXAMPLE II 

To illustrate the ability of the tackrfying compound to control fines, the following tests were performed. 
Two sand slurries were prepared and placed in 1 inch diameter, 36 inch taM glass columns having a screen and a 
30 one hole plug stopper at their lower ends which was sealed off. The slurries comprised 250 ml. of a 25 to/1000 gallon 
hyd rated guar, 300 grams 20/40 mesh Brady sand containing 7.4% by weight of 50 mesh and smaller fines material, 
0.5 ml enzyme breaker and 0.5 ml. borate crosslinker. One percent by weight of the tackifying compound of the present 
invention was added to the second slurry. 

The slurries were allowed to sit static for 48 hours. The first column settled to a height of 21.125 inches and the 
36 tackHying compound containing sample settled to a height of 21 .875. inches. 

The broken fluids were removed from the columns above the settled sand in the columns and replaced with water. 
The columns were attached to a constant head water supply. While maintaining the water supply constant the hole in 
the bottom stopper was opened, water flow rates and permeabilities were determined. The sand packs had settled dur- 
ing the water flow to 20.5 inches and 21 .625 inches respectively. 
40 The flow was resumed, using kerosene and flow rates and permeabilities were determined. Pack heights settled to 
20.125 inches and 21 .437 inches, respectively. 

The difference in the permeabifity of the packs in the columns Is illustrated in the chart comprising Figure 2. The 
difference in the final pack height is an indication of the agglomeration of the fines with the larger particles preventing 
close packing by fines movement as occurs in the untreated column. The lower permeability of the untreated pack also 
45 indicates f ines migration has occurred. 

The stabilization properties of the method of the present invention also are determined by flow through an Ameri- 
can Petroleum Institute approved simulated fracture flow cell. 

The cell contains Ohio sandstone cores having a proppant bed size of about 1.5 inches in height about 7 inches 
in length and about 0.25 inches in width between the cores. The bed is initially prepacked with 20/40 mesh sand by 
so introducing the sand into the cell in an aqueous slurry or a gelled fluid containing 40 pounds of guar per 1000 gallons 
of aqueous fluid. The cell is fitted with a 0.3 inch hole at one end to simulate a perforation. The hole is vistte through a 
sight glass so that proppant production, rf any, through the hole can be visually determined. 

The conductivity of the pack is determined at a stress loading of 2000 and 3000 psi for the untreated sand. 
The cell then was cleaned and packed with another proppant pack containing 0.5 percent by weight tackrfying com- 
55 pound for testing. The results of the tested materials are set forth in Table II, below 
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CONDUCTIVITY.mD/ft at 




2000 psi loading 


3000 psi loading 


untreated sample 
treated sample 


4251 
5130 


3487 
3829 



EXAMPLE III 

formS "Sr? 8ffeC ! iVeneS8 * the tacWf y in 8 «>™PO«nd * controlling fines, the following turbidity tests were oer- 
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TABLE III 



SAMPLE 


TACKIFYING COM- 
POUND, ml 


TURBIDITY, FTU 


1 


0 


43 


2 


0.25 


38 


3 


0.5 


18 


4 


1.0 


12 



fines^S? USin9 20/4 l Brady ^ ^ t° which is added 0.2 grams of silica flour to simulate a high 

fines content. The tuibidity was measured as previously described. The results are set forth in TABLE IV, below. 



TABLE IV 



SAMPLE 


TACKIFYING COM- 
POUND, ml 


TURBIDITY. FTU 


1 


0 


337 


2 


0.25 


137 


3 


0.5 


56 


4 


1.0 


29 



the f^£^S * taC * ify,n9 C ° npOUnd to ^ fines * *e fluid and to bind 

tne tines to proppant matenals which are coated by the tackjfying corrpound. 

EXAMPLE IV 
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treatments comprised approximately 2000 gallons of 15% acetic acid. 24,000 gallons of a guar containing pad, 60.000 
gallons of a fracturing treatment including approximately 300.000 pounds of 1 2/20 sand and 2000 gallons of flush fluid. 
The fracturing fluid comprised a borate crosslinked fluid containing 20 lbs guar per 1000 gallons of fluid. The fluid also 
contained day control additives, surfactants, gel breakers and biocide. One treatment included approximate 1 .0 percent 

5 tackifying compound added to the sand during performance of the treatment 

The initial production of the wells was about 180 MCF per day and about 180 BWPD. Post frac production after 
cleanup of fracturing treatment fluid on the well without fines control is about 500 MCF and about 400 BWPD. The well 
having the treatment utilizing fines control techniques of the present invention after clean up of fracturing treatment fluid 
is producing about 800 MCF per day and about 600 BWPD. The first well is producing fracturing treatment sand and 

w coal fines into the wellbore along with the production of gas. The well treated with the tackifying conpound is not pro- 
ducing measurable amounts of fines or fracturing treatment sand. 

EXAMPLE V 

75 To iflustrate the corrosion inhfoition of a film of the tackifying compound comprising polyamides. the following tests 
were performed on carbon steel coupons weighing approximately 1 gram at 160°F. in simulated sweet and sour well 
conditions. 

Test fluids are placed in sealed bulk containers and purged for a minimum of six hours with carbon dioxide. For sour 
gas tests. H 2 S then is bubbled into the container for 1 5 to 20 minutes. The proper amount of polyamide is dispensed by 

20 syringe into each test bottle. The test bottles are 7 ounce capacity. The blank samples contain no polyamide. Each bot- 
tle is purged with carbon dioxide to displace air and a previously weighed and cleaned sample coupon is placed in the 
bottle. A quantity of 108 ml of NACE brine and 12 ml of kerosene then are added to the bottles from the purged bulk 
containers. The bottles are capped and placed on a rotating wheel and rotated for 1 hour at 160°F. ± 10°F. The bottles 
then are removed from the wheel and the coupons are transferred to bottles containing brine and kerosene without 

25 inhibitor under a carbon dioxide purge to rinse the coupons. The blanks are not transferred since the blank sample bot- 
tles contain no inhibitor. The bottles are returned to the rotating wheel for an additional hour. The bottles then are 
removed from the wheel and the coupons are transferred to bottles having the same brine and kerosene mix without 
the polyamide. The transfer is effected under a carbon dioxide purge and the bottles are returned to the wheel for an 
additional 72 hours at about 160°F. to determine corrosion effects on the samples. Samples containing HfeS were 

30 returned to the wheel only for 24 hours. After completion of the exposure time, the coupons are retrieved from the bot- 
tles, cleaned, dried and weighed. The corrosion loss then is determined. Each sample is run in triplicate and the values 
are averaged to determine the loss for a sample condition. The results of the tests are set forth in Table V below. 



TABLE V 



Sample 


Polyamide Concentra- 
tion, ppm 


H2S Present 


Corrosion Rate. ibs/ft2 


1 


0 


No 


8.564 


2 


2500 


No 


1.233 


3 


50 


No 


1.103 


4 


0 


Yes 


3.193 


5 


2500 


Yes 


0.183 


6 


50 


Yes 


0.455 



The polyamide film formed on the ferrous metal surface in contact with the aqueous fluid provided significant cor- 
so rosion protection in comparison to samples having no film as a result of contact with the tackifying compound. 

While the present invention has been described with regard to that which is currently considered to comprise the 
preferred embodiments of the invention, other embodiments have been suggested and still other embodiments will 
occur to those individuals skilled in the art upon receiving the foregoing specification. 

65 Claims 

1. A method of treating a subterranean formation to control fines migration, which method comprises the steps of 
introducing a treatment fluid into a subterranean formation through a wellbore at a rate and pressure sufficient to 
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create at least one fracture in said formation; admixing with at least a portion of said fluid, a particulate which is 
introduced into and subsequently deposited within said fracture; admixing with at least a portion of said particulate 
an effective amount of a liquid or solution of a tackifying compound whereby at least a portion of said particulate is 
at least partially coated by said compound such that the continues critical resuspension velocity of said at least par- 
tially coated particulate is increased by in excess of about 30 percent when tested at a level of 0.5% active material 
by weight over said particulate alone with water; depositing the tackifying compound coated particulate in the sub- 
terranean formation; and flowing back fluid from the formation whereby the tackifying corrpound coated particulate 
retards movement of at least a portion of any fine particulate flowing back to said wellbore within said formation by 
adhering said fines to said coated particulate. 

2. A method according to claim 1 , wherein said tackifying compound is admixed with said particulate in an amount of 
from 0.05 to 3.0 percent by weight of said particulate. 

3. A method according to claim 2, wherein said tackifying compound is admixed with said particulate in an amount of 
from 0.1 to 2 percent by weight of said particulate. 

4. A method according to claim 1 , 2 or 3, wherein said coated particulate has a continuous critical resuspension veloc- 
ity in excess of 50 percent over said particulate alone. 

5. A method according to claim 1, 2. 3 or 4, wherein said tackifying compound corrprises a liquid or solution of a 
polyamide. 

6. A method according to claim 1,2. 3 or 4, whereon said tackifying compound corrprises predominantly a condensa- 
tion reaction product of a dimer acid containing some trimer and higher oligomers and some monomer acids with 
a polyamine. 

7. A method according to claim 6. wherein said polyamine comprises at least one member selected from the group of 
ethylenediamine. diethylenetriamine. triethylenetetraamine. tetraethylene pentaamine and aminoethylpiperazine. 

8. A method according to claim 6 or 7, wherein said tackifying compound has been quaternized. 

9. A method according to any of claims 1 to 8. wherein said particulate comprises sand, ceramic particles, resin 
coated sand, hardened resin beads, sintered bauxite, metal particles or glass particles, or any mixture of two or 
more thereof. 

10. A method according to any of claims 1 to 9, wherein the treatment fluid includes a further particulate material 
selected from metal, natural or synthetic polymers, ceramics and glass. 

11. A method according to claim 10. wherein said further particulate material is in the form of ftoers, beads ribbons 
flakes, platelets or shavings. 
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